Introduction
• There is relatively little information on the trace metal composition of arteries in different population groups 1 -2 and there are very few comparative studies on the chemical composition of vessels in different population groups. 3 There is a similar lack of information on the chemical composition of vessels in relation to atherosclerosis 3 and, furthermore, there are no studies which have attempted to evaluate the role of trace metals in the pathogenesis of cerebral atherosclerosis. Recent studies have suggested that deficiency of copper in coronary arteries of Nigerian Africans may be of importance in the low amounts of coronary atherosclerosis observed in that population.* It has been suggested that the severity of frequency of atherosclerosis may be related not only to the lipid content 5 but also to the mineral content of tissues or serum. 6 In view of morphological differences observed in the frequency and severity of cerebral atherosclerosis among American blacks, Caucasians and Nigerians, 79 it was decided to (1) estimate the amounts of selected trace metals in cerebral vessels of the three population groups and (2) attempt to find out if the mineral composition of the cerebral vessels has any relationship to the severity and extent of cerebral atherosclerosis.
Methods
The cerebral vessels were obtained from consecutive autopsies of patients over the age of 20 from three university teaching hospitals. The materials from the American blacks were obtained from Freedmens Hospital of Howard University (Washington, D.C), the American Caucasian vessels from the University of Minnesota (Minneapolis, Minnesota), and the Nigerian vessels from the University of Ibadan (Ibadan, Nigeria). Owing to the difference in age distribution at death between the Americans and Africans, the data utilized for this study were age-matched and sexmatched between the three population groups insofar as possible. The cerebral vessels were dissected off the base of the brain and stored in a refrigerator at -20° and then sent to one of us (GOT) under code for chemical analyses. The trace metals analyzed included calcium, zinc, magnesium, copper, manganese and iron. The ash content of the cerebral vessels from each patient also was estimated. For analysis of
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trace elements, dried samples, between 0.1 gm and 0.5 gm, were placed in pre-weighted porcelain crucibles and ashed in a muffle furnace at 550°C to 600°C for one hour, or at 450°C overnight. For efficient ashing, the dried tissues were moistened with a few drops of a mixture of three volumes of concentrated hydrochloric acid and one volume of concentrated nitric acid. If uncombusted black carbon particles were seen on dry ash, treatment with the acid mixture and heating was repeated until ashing was complete. After cooling, the ash was dissolved with sufficient 3N hydrochloric acid and diluted to the 20 or 25 ml mark in a volumetric flask. For calcium determination, 1 ml of a 5% lanthanin solution was added per 10 ml of sample solution.
The Perkin Elmer Atomic Absorption Spectrophotometer Model 403 was used in determining the various minerals in the tissue solutions using appropriate lamps and standard solutions.
Concentrations per gram of dried tissues were then computed.
Results
The amounts of trace metals and ash in the three population groups are presented in 
Discussion
The role of trace metals in the pathogenesis of atherosclerosis remains poorly understood, 10 but the essential role of trace elements in the metabolism of lipids and carbohydrates has been adequately demonstrated.
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' 12 In a recent study, it was shown that there were significant differences between the total and free cholesterol content of cerebral vessels among three different population groups. The American blacks had the greatest amount of cerebral vascular cholesterol compared with American Caucasians and Nigerians. 13 In the present study there are certain observed significant differences in the trace metal content of cerebral vessels of the three population groups. The calcium and zinc contents of the cerebral vessels were higher in American blacks than in Minnesota Caucasians and Nigerians, but there was no significant difference in these two metals in the cerebral vessels of the latter two groups (table 1). Magnesium content was greater in American blacks and Minnesota Caucasians than in Nigerians, but there was no significant difference in its level in the American blacks and Minnesota Caucasians. Copper was greater in American blacks than in Minnesota Caucasians and Nigerians, but Minnesota Caucasians had more copper than Nigerians. There was no significant difference in the vascular manganese content of the three population groups. Iron content was greater in the Nigerian vessels than in Minnesota Caucasians, but there was no difference between American blacks and Nigerians. There was no difference in the ash content between American blacks and Minnesota Caucasians, but the vascular ash content was greater among American blacks than Nigerians (table 1) .
Nigerian Africans had the least amounts of copper and magnesium in their cerebral vessels when compared with the two American population groups. American blacks had the greatest amounts of calcium, zinc and copper, and Minnesota Caucasians had the greatest amount of magnesium (table 1). Since there is no significant difference in the manganese content of the cerebral vessels in the three population groups which are known to have varying degrees of cerebral atherosclerosis, it is tempting to suggest that this trace metal does not play a significant role in the pathogenesis of the lesion. The higher level of iron in the vessels of Nigerians and American blacks compared with Minnesota Caucasians is noteworthy. It is conceivable that this may be a reflection of hemolytic episodes in both ethnologically related population groups which are known to have relatively high frequencies of genes for abnormal hemoglobins and glucose-6-phosphate-dehydrogenase deficiency. 1416 We do not have relevant data to support this hypothesis and this requires further investigations. However, the significant difference in the severity and extent of cerebral atherosclerosis between the two groups 8 ' 9 would mitigate against a pathogenetic role for iron. The relatively low levels of magnesium and copper in the Nigerian vessels are of significance (table 1) ; since this is a population with the least amount of cerebral atherosclerosis, it is conceivable that these two trace metals may be of pathogenetic or etiological significance. Of relevance is the fact that these two metals have been suspected of being important in the pathogenesis of atherosclerosis or ischemic heart disease.
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' 18 The relatively high amounts of calcium and zinc in the vessels of American blacks, who have been shown on previous studies to have the greatest amount of cerebral atherosclerosis, 8 -9 would suggest that these also might be of pathogenetic significance. However, the similarity in the mean values of calcium and zinc between Minnesota Caucasians and Nigerians with different degrees of atherosclerosis would argue against their significant role in the pathogenesis of the lesion.
When the mean values of the individual trace metals are compared between men and women in each population group, there is no significant difference (table 2) . This confirms a previous observation on the trace metal contents of coronary vessels in Nigerians. 4 When the mean values for the different trace elements were analyzed by sex (tables 3 and 4) and compared between the three population groups, the trend observed for the entire group was confirmed except for zinc, copper and iron. There was a significant difference in the zinc content of vessels between the Nigerian Africans and American blacks (P = 0.01) ( (table 3) . However, when the mean values of trace elements were compared between men and women in each population group, there was no significant difference (table 2) ; this was in contrast to comparison of mean values between men and women from the different population groups which revealed significant differences in relation to zinc, copper and iron (tables 1, 3 and 4). It is conceivable that these differences are due to small sample sizes or that sex may influence the content or deposition of trace metals in cerebral vessels. This requires further investigation. Although the sample sizes analyzed for this study are relatively small, there appears to be a trend in the pattern of trace metal content in the cerebral vessels of the three population groups. Other trace metals, particularly chromium, which have been suspected of playing an important role in the pathogenesis of atherosclerosis 8 ' 1B have not been quantitated in these vessels. Further studies are required to evaluate the etiological and pathogenetic roles of trace metals in atherosclerosis. The observed differences in the degrees of cerebral atherosclerosis and some of the trace metal contents of cerebral vessels in the three population groups studied, particularly between the black groups who are ethnologically related, would further support environmental rather than genetic factors in the pathogenesis of atherosclerosis.
